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1., FAST NEUTRON DATA

Abstract

Four experiments are in progress to measure some neutron data

in the fast neutron region for fission reactor application. Of

considerable interest is the casec of the shanc and averapge energy of
39

the Pu fission neutron spectrum where it is hoped thnt existing

discrepancies will he resolved,

1.1. Data Evaluation for the Neutron Source Reaction 'Li(p,n)
H. Liskien, A. Paulsen

Taking up a recommendation of the EANDC Svymposium on Neutron
Standards and Flux Normalization in 1970, conter-of-mazs bhest
values for the normalized Legendre coefficients and thoe 0" diffe rontial
cross sections as funclion of input energy have been derived ifrom
various experimental results for the reactions 'i.i(p,n)'l%v ane
7Li(p,n)l]"ue-:t(/lfﬂ ke V) for proton encrgies het: . 7 MoV, This
information has beecn w.sed to calculate recommonded liboratory
differential cross sections as function of the labaratory proton
energy and neutron emissian angle. The wnrel has o0 - » -copted
for publication and will appear in Muclear Doty Tibies Vel 13

No. 1| January 1975.

1.2. Mecasurcments of the Neutron Induced Fiseion Moatren b
239
Pu

Spectrum of
H. -H. Knitter, M, Mailly, R. Vogt

A pgood knowledge of the fission neutrern cr -

inportance for neutronic calculations of ta - Lo

Previously, the spectrum of ')'I"’U fisslon qooateen e e T T

in this laboratory and this hax heon foflae ot te R AR LS
,"Pu fission neutron encryy shecteun in - R A

The fast neutron time-of -flight techrione w0 e o0
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This measurement covers the fission neutroa energy range from

0.25 to 15 MeV. Corrections for the shape of the spectrum have
been made for secondary interactions of fission neutrons in

the sample,

Figure 1.1 shows the fission neutron energy spectrum N/E) divi=

ded by the square root of the fission nemiron energ. pletted in a
logarithmic scale versus the neutron energy.

The solid line represcnts the results of a least squares {it through

the experimental data with a Maxwellian distribiition. To obtain
proper weights for the points in the least sauares fit, the encrgy
uncertainty wastranslatedinto an intensity uncertainty contribution,
This translation was performed according to (*l\\—.“" —l— - -{,:—‘ Q].E .

a formula which is derived under the assumption that the experimental
data follow a Maxwellian distribution with temperature T. The average

energy obtained is 2. 136 ¥ 0,045 MeV,

A paper about this subject is being writter -7 11 waon he nublis? of,
. . > vaa e . . . . B Y PO
1.3, Determinai..: . I 'Iixcitationlunciion o~ T9. 77y,
115 197
In and A

A, Paulsen, H. Liskien, ... Widera, F. arrctiao

For uct: : - ¢.simetrv purposes (n, 2n) exdiint i iunsiions o holp

. 16 . 4 115 R I DR T
determined ;- - i in, In (for the produact-on o TR
197

Au by the activauon technique at the 2.7 MV Vo do Grant”
accelerator of the CB./M. All measurements vrore made roffive to
the H(n,n) cross-section by means of a recoil p:oion tvleser - connter
in the 12 to 20 MeV neutron enerpy rangc maltin: i ~f oo seddan)
neutron source reaction. For l“w.l\.u (n, 21) &-icitioced e arerents

we re made between 10 and 1z MeV using the P ire.on) conrce reaction.
The induced activities were determined by calilirated Gelld) pamma
detectors. Differences between the calibratior <ocorces i “hir actual
samples in geometry and absorption were corrocied for,

irradiations and activity determination s ar~ tiniaboed aned - ad ditn

evaluation is in progrcss.



The preliminary results uire in reasonable agrecoment with existing

data (mainly 14 MeV values) for 46Ti and 60?...:1. For HSIn and 197Au
the preliminary results are confirming the lowest values of the
existing data (again mainly 14 MeV values).

1.4, Measurements of the Fast Neutron Scattering and Total Cross

Sections of l‘“Pr and the Study of its l.ovelScheme by (n,n',Yy)

Measurements

R. Singh! H. -H. Knitter, M. Maillv, R, Vog*

The level scheme of MlPr was studied by mrasuring the gamma ray
spectra from the inelastic scattering of ncu“~ons with energics between
1. 10 and 2. 22 MeV. In addition to the levels below 1651 keV, the
levels 1785, 1813, 1842, 1856, 1975 and 2014 keV were confirmed and
evidence was found for the existence of a rrovionsly proposcd new level
at 1899 keV,

A new transition 2103 —= 1452 was added o "5 1evel scheme. No

cvidence was found in favour of the levels E . TA0A keVoand of the
transitions 1651 — > (135, 1651 >3 T e 0,

The relative intensitizz and the brarching r oo« ¢ transitions wer:
determined and compared with the previous -: ~ulv=. Iains and pavitics
of someo of the levels were deduced. This pore o i3 wori has been

published 1 7. Phisik 270, 07 (1974].

. . . . . 141
The differential elastic neutron scattering cross < .'iens of Pr
were measured at the incident neutron cnerpior 27 0 00 1T and

1.9 MeV in the angular range between 25 ane! 270 = ay. es, 2 1.7 MeV

the differentin]l inelastic neutron scattering ernsc -7 e <o -sesponding
toQ = -1122 ko V', and at 1.9 MeV the oncs carre. - . inp to Q= -1122,
and Q = -1295 keV were also detcrmined. Ina *: isrion experiment,

+he total cross section was measured between 0. 57 wnd 2. 42 MeV. The
total and differential elastic cross sections wrr: - “rulate ! wsing the
nuclear optical model and these were compa: -0 vatt the experimental
data. This part of the work has been acc pied io¢ poblication in

7. Physik.

+ . . - . .o . .
NDepartment of Physics, fndian Institute o F T ecnnoiogy,
KANPUR, India
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. RESONANCE NEUTRON DATA

Abstract

Measurements were continued at the Linac following the lines of a pro-
gramme which emphasizes resonance parameter determination of acti-
nides and which is guided by WRENDA request lists. A large part of
that programme has been executed in collaboration with physicists of
SCK/CEN-Mol. It was supplemented by the research activity of a team
of CNEN-Bulogna specialised on the investigation of neutron capture wv-
ray spectra. This activity expired at the cnd of 1974 by the veturn of
that team to Ttaly.

The extensive work on the resonance parameters of 236’\; nas been
completed. Now 238U is being investigated on a broad scale including
capture, scattering, subthreshold fission and v -ray spectra me:cure-
ments. For the first haltf of 1975 also fission cross-section measure-
ments on Z4lAm and Z%(’Pu are envisaged,

Consideration is being given to the work programme with the moder-
niscd linac which is expected to be in operation April 1976, The short
hurst width of the machine should permit measurements in the keV to
MeV range; and measurements on structural materials and fix=ion pro-

duct- are being considered.

236

2.1. Resonance Paramecters of 1]

Two sets of measurements have been completed, the first by

. + i , ++ 44
Mewissen , Poortmans , Rohr, Theobald ', Vanpraet and
Weigmann, Tt is summarised as follows:
Capture, scattering and total cross-section measurements have Leen

236 .

performed on U, over an energy range from 30 eV upto I, eV,
using the CBNM electron linac as a puised neutron source,

The total cross-section measurements were done on a small bhe.on:

2
. q . - 3 . . ’
facility (beam diameter 11 mm) using & high pressure e pa-cous

SCK CEN Mol

Now at Technische Hochschule Darmstadt, achberercl Phesik

te e
KOG Antwerp



- 4 -
scintillator at a 30 meter flightpath. The sample thickness was
n=7.6x 10-3 atoms;barn (99, 7% 236U). The resonance parame-
ters were obtained combiring the results from an area analysis of
the three experiments. The neutron width Fn could be determined
for 97 levels up to 1.8 keV and the capture width 1"Y for 57 among
them.

The most important result from the present experiments is the mean

capture width:
Fv = 23,040.5(stat,) + 1.0 (syst.) TmeV.

For the =-wave strength function we find:

S, = (1.05 + 0, 141074,

The second set of the measurements is by Brusegan and Carraro,

the summary of which reads as follows:

The neutron total <ross-section of 236U has been measured by means
of the time-of-flight technique at the 80 MeV Linac of CBNM using &
lol.’, plug detector at 100 m.

Neutron widths have been evaluated in the energy range from 40 ¢V
up to 4,1 keV for 185 resonances, Sample thicknesses were

8. 98- lOQ3 atorns/barn »nd 1, 34 lO-3 atoms,;barn.

Assuming only s-wa«<e coatribution in the analysis range, the averis.

properties of the resonance parameters have been determined as-
Dal24, 3)ev;F:= (1.61 2 . 16)meV; S _ = (1.00 + .10} o

The method of 1. FUKETA and J. A. HARVEY was applied over the
eniire range to consi i2r the missed resonances, The analysis of 1 -
level spacing and of the neutron width distribution has becn perio.,
applying respectively the WIGNER and the PORTER -TIHHOMAS | .tri
hution, Tn order to look for possible p-wave resonances the 1. .l o
BOLLINGER et al. and the 4, DYSON statistic have been i sioved

for all resonances, Resides the Dyson statistic has heen applied ta

+ valuate the expected mean level spacing D.



IR
3.2, Resonance Parimeters of U
. + + L, .
L. Mcwisser , F, Poortmans , G. Robkr, T. van der Veen,

~)

. +++4 . axr s
(;. Vanpraet , H Weiginarn, J, Winter

with 4 samples, respcctively 1,312 1077 at, 'L, 5. 527 1077 at b,
1.004 107> at-band 1. 099 1072 at b. The measurements were per-
formed on a 30 meter flightpath starion using the 3He high pressur:
gaseous scintillator detector system. The thinnest samples arc 10
to 100 times thinner than those used in previous partial cross-sec-
tion measurements in other lrhoratories so that possible errors on
the corrections for multinle scatiering effects are minimizecd, The
total systematic error in our resunlty i1v ant larger than 39, and the
statistical error is within 19 for strong resorancas and 107, for
weaker ones, The data nre partly anidysed for the two thinne st
samples and preliminary vesults were communicated at the '"Spe-
cinlist Meeting on Resonnnce Parameters of Fertile Nuclei' feld

at Saclay, May 206-12,

i

e

T,
A new series of transmicxion experin enits with samples cooled nt
ligguid nitrogen termnerature will he siaried very soon,

Capture Cross-Seotion Daperiment-. A first vunousing 4 O F 0 v -

L AR A A A RSO SRR e
detector covering fne s iy cnn e from 20 eV to 1, 8 ke Vo d usir g

thick sample {6, 22060 7 o0 LV e v amalysed, The ainy o this
prezent ansivsis iy teaiold:

) Detoersaington 97 a precise valae of fhe newave strencth function
by an area wnac s oA the smisiler resovinnces in combinagtion
with resonance: - - wssigoivent: fzee b) and section 3,14, ),

LY Intormiation on the counling conditiens in enb-barrier fission

It
= U (see 3,10, and resonance pevities {rom the mea-nr.
yross shape of the o -ras spectean.,

irther capture cross-section exjperin . tex on thinners «~ mple:

st e Stamer en,
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2.3, Resonance Parameters of 2371\4{9

. . + +
A.Angeletti *, L. Mewissen , F, Poortmans , G. Rohr,

X +++ )
T. van der Veen, G, Vanoraet , H. Weigmann

Transmission Experiments. The analysis is completed up to 50 eV

for all three sample thicknesses: (1, 68- IO.3 g//cmz, 5.23. IO-3 g ‘cmz,
2.32- 10-2 g,/cmz). The data obtained with the 3 g sample (5.23- lO_')'g cn.
yielded neutron widths for 128 resonances between 50 eV and 204 eV as

a result ¢f an area analysis. For some of these levels the analysis of

the runs with other sample thicknesses will be necessary,

Scattering Experiments., The analysis of the scattering data (up to

~ 200 eV) is still in progress,

671114 Capture Experiments., Neutron widths for 110 resonances have row

671116 been evaluated up to 100 eV neutron energy,

Combined analysis of the results of total and partial cross section
experiments will be performed after completion of the partial ann-

lysis to obtain the resonance parameter set,

2
2.4. Resonance P2z crg of Ra

+
H. Ceulemans

Transmission experiment: e a l g }?a(JJO3 sample with dii-iension:
14 mn. x £ mra by A5 mm high, have been conducted during a lon:
period of tirmie i ord2 .. obtain sufficient statistical accuracy.
The source-sampl: - .ance is ahout 3 m and the detectors are a°
30 m such that with timing channels of 40 ns minimum width and
an initial delay of about 100 ;s , the energy range between I

and 600 eV can be covered with adequate resolution,

Due to the smali size of the sample, the counting rates are v-ry low

et s e - e

+ SCK/CEN Mol

*
[ouratom-fellow



The sample can be rotated over 9G° inside its heavy shielding so that
it presents a thickness of either 14 mm or 5 mm to the beam, giving
1 >spectively 5.9 x 10_3 atoms barn and 2. 11x10_3 atoms/barn.
Good statistical accuracy is very important in order to distinguish
small resonances from fluctuations and to obtain in so doing a com-
plete population of levels. In this work 19 resonances were firmly
establiched., Their energy and an indication of their reduced neutron
width are given in the table, The first resonance, which was mea-
sured before, is added for completeness (H.CEULEMANS,
H.CHRISTIAEN, G.COEDEME, "The total cross-section of >~ '1a
below 1 eV'", Conference on Nuclear Structure Study with Neutrons,
Budapest 1972, p. 100). These results lead to an average level dis-
tance <D > = 26.12 eV which is a very reasonable value in agree-
ment with the values found for the comparable neighbouring nuclei
232Th and 238U, The distribution of level spacings is not in dis-
agreement with a Wigner distribution, but a detailed comparison is
difficult due to the limited number of resonances, The same holds
true for the distribution of reduced neutron widths. The analysis of

the data is still in progress and a meaningful value for the strength

function cannot be given yet.

Table ol lesonances on 226Ra
£ (eV) E T, (mev)
° (preliminary indication only)

' v 0,029

24,23 0,002
39.12 0.01
39.73 0.06
[ 55. 47 0.3
80. 45 0.0l
88.16 0.5
Y S 0.2
217.5 0.2
236.5 2.0
262.0 1.0




691156
691164
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Table of Resonances on 226Ra (continued)

E (eV) fﬁ (meV)
° (preliminary indication only)

290.4 4.0
331,7 2.0
346.6 2,5
376.0 2,

396.7 3.0
460.4 0.5
470.9 0.4
481.7 0.2
522.3 1.5

2.5. Resonance Parameters of ngr and 96Zr

A. Brusegan, (,,Nohr, T.van der Veen

Capture and self-indication data have been obtalaed with an enrichert

o Zr sample ir: the cnergyr range from 150 eV to 20 keV using a piir

(‘.t CF)F(: detectors ai 4 £.2 :., {lighterath, Capture measurements on
'Zr will be attempted in 1175,

When completed it is hoped to cor: bine these data with the trar -inis-

sion data ohtaine-. he the CNEN group to evaluate resonance pir:-

metoers,

2.6. Resonance Parameters of Mb

o . a e e m e e e W e -

of-flight up to 3 keV neutron energy at a 14 m flightpath with =
Ge{l.i)-detector. This experimen: aims at the determination of
resonance spins. The data acquisition system consists of a Gene -

ral Automation 1830 satellite computer linked with the IBM 1800



69139,
714028

of CB3NM (F.COLLING, A, i, KFEYSER and H. HORSTMANN, Proc.
of IFTP, Congress 1971,

In a preliminary analysis =rins of 50 s- and p-wave resonances
have been evaluated by mcans of the low level population method.
(K.S. WETZEL and G. E, TIICMAS, Phys,Rev, Cl (1970), 1501
and W, P, POENITZ, Z. Physik 197 (1966), 262).

The 21 safe spin assignments reported by the Harwell group
(T.J. HASTE and B.W. TIIOMAS, Sec. Int. Symp. on Neutron
Capture Gamma Ray Spectroscopy Petten, Sept. 2-6, 1974)
agree completely with the CBNM results but there may be dis-
agreement for the resonances at 672 eV and 952. 7 eV for which

only tentative assignments were made by Harwell,

Scattering Cross-Section Mrasurements below 4 keV have been
started by means of the Ligh pressure 3He scintillation detection
system,

Transmiscion and capture cxperiments are planned for the near

futurec.

210
2.7. Resonance Paramote e of Pu

e cm e v - e ——

. Poortmans |, G, Robr i, Welgnmann

An evaluation of the resonance narameters of Z40Pu has becen pre-

sented at the "Speciaiist Meeting on Resonance Parameters of Fer-
2

tile Nuclei and 2 " el ot Saclay, May 20-22, 1974, It includes

a review of the status of -sperimental data on 240Pu resonance pa -

rrmeters as well as some statistical tests and recommendations

vavticularly with respect to average parameters,

- 143
2.8 Gamma Ray Spectr- of ! Nl

(1, Bohr, T. van der Veen, L. Weicmann, J Winter

143
[he v -ray spectra mneasurements of Nd in resolved resonarces
ur to 1220 ¢V neutron energy, has heen finisled,
The resonance spin values obtained from the low level population

. . . . ¢
method as well as fror the ebaerv ition of primary transition to 2

tinal Yevels and the stremth of priary transitions to one and too
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661043
et al,on
page 68
of
WRENDA

list,

phonon final states for J = 3 resonances has been published.

(G.ROMIR, T.VAN DER VEEN, H. WEIGMANN, J. WINTER, Sec. Int.

Symp. on Neutron Capture G:.nma Ray Spectroscopy, Petten, Sept.

2-6, 1974). The results indicate an energy dependence for the anti-
correlation between strengths of primary transitions to one and two
phonon final states., The effect is supported by an observed non-
statistical encrgy dependence of the reduced neutron width for the

J = 3 resonances in the same energy range. A more detailed sta-
tistical analysis cf the I‘IC; distribution and a discussion of both phe-
nomena in terms of intermediate structure wiil be published else-
where,

Table 2 1 surveys all primary transitions observed in the resonances

under investigation.

. 23
2.9. Fission of 5U at High Enecrgies

* %
E.Migneco , J. A Wartena, I, Weigmann

A high resolution (0,7 nsec m) relative measurement of ZJT)U fission

for energies up to 200 keV is being analysed for non-statistical struc-
turc. Figure 2,! shows parr of the data which have been novmalized 1o
't - evaluation of SOW IR vy =t al. (AERE-R 7273).

The analysis includes Wald and Wolfowitz -tests for structure in the
fission data in comparison to similar data on the total cross section.
(K. H. BOECKHOFF, A DUFRASNF, G.ROHR and H. WEIGMANN,
Journ. Nucl. Energy 26 {!772)91), It yields positive results for
structures in the fission ¢:0ss-section which might be interpreted

in terms of the secondary minimum of the deformatinn potentinl.

. L. 228
2.10, Sub-Barrier Fission of U

I A, Wartena, H. Weigmann

. .. .2
Sub-barrier fission in 3F‘U has first been observed by R, RBLLOCK ¢t al
(Phys. Rev, Lett. 31 (1973) 247), using ionization chambers for fi~sion
fragment detection. In the present measurements a liquid scintiliator

was used to detect prompt fission neutrons., Thereby, with a sample

#
Now University of Catania (Italy)
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2.0 Ndii, . Tramsition intensities in transitions per 1000 capture events

N eV
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e 238
of 250 g 7 U, neutron time-of-flight measurements could be

performed at a 30 m flightpath with a nomina. resoiution of 1,3

nsec m, On the other hand, prcinpt neutron detection has the
disadvantage that the detector has a sensitivity for capture events

of 10—3 of its tission sensitivity, The corresponding background

has been measured separ-tely by taking a time -of-flight spectrum
under conditions identical to the main run, but with the pulse shape
discriminators of the detectors set to detect capture., Another source

C e e . 235 .
of background is fission in 0,27 of U present in the sample.

. . . - ]
Again, this background has been measured separately with a U
sample in the beam,

. " . o s e . 238
Figure <£.2 shows a time-of-flight spectrum of fis=icn in U as

obtained from the present data, where the two backoround contribu-
tions discussed above have already been subtracted, The result of
the present investigation is a full confirmation of the findings of
BLOCK et al. ( Phys.Rev. Leti. 21 (1973) 247). This includes a

confirmation., by high resolution data, of the fact that the resonances

at 721, 0 eV and 1210, 7 ¢V contribute most strongly to the ohserved
fission in the two sub-harrier structures at low necutron encrgics.

;

Their fission widths are fountd to he (0, 85 + 001 Sirree T sk £ 2 + 0, 03)
meV, respectively {assvrains ToF 23 meV), For mo-t u) the other

. monances in these two =tructires only upper limits {or the fisgion
widths are obtained, Also in agrcement with the data of [, QCK et
al., besides the two structures around 720 and 1210 oV, some {ission
is ohserverd arcurs 220 ¢V =nd 865 ¢V neutron enargy. ticwoever,
frormi the present daivi 1t '~ 0. possiole to assign the rezonances which

are responsible for the fis sion strength at these encipgies,

’ o
“ g

7.+ Coupling Conditi-ns ir Sub-Darrier Fission of N and -

44

{i.vont, T,van der Veen, 5, Vanpraet , H. Werprn,.nn

Neulron resonanle capture in 2”Np and 238U has heen studied at
rezonances which show enhanced fission due to coupling o states
ne-sociated with the secondary minimum of the deformation enerey,
No anomality has been found in the gross shape of the v-ray spectra
{romm these resonances., FFrom this fact, concjusions are drawn with

re -peci to the counling condition= in sub-harrier Socion and these



have been discussed in more detail el-sewhere (H. WEIGMANN,
G.ROHR, T.VAN DER VEEN, G,VANPRAET, 35ec. Int. Symp.
on Neutron Capture Gamma Ray Spectroscepy, Petten, Sept.2-6,
1974),

2.12, Fission Fragment Kinetic Energy and Mass Distribution for
235(

# o #
R. Barthélémy, C,Wagemans , H. Weigmann

A three parameter data acqguisition system has been built up based
on a Tridac (Intertechnique) 1AK memory system, two Northern
Scientific 8K ADC's and a home made time-coder. For the fission
fragment detection two large (2000 mmz) Ortec surface-barrier de-
tectors with their appropriate electronics were used. This apparatus
allows the detection of correlated fission fragment pulse-heights (El’
EZ> in A 128 x 128 channels matrix, and this for four predetermined
neutron energy intervals.

The aim of the present experimnent is to investigate the fission frag-
ment kinetic energy- and mass-distributions for the resorance neu-
tron induced fission of 235U. Reliable resonance spir- alues (J) are
av-ilable for this isotope ano hence it will be possible to look for
correlations of J with ICK (mean total fission fragment kinctic energy)
and the symmetric-to-asymmetric fission yield,

In the recently siarted measurements El and F)Z were detectied for
four prudetermii.. rro 08 Y T - 4 resonances: 7 - 12 ¢V; 18 - 17 ¢V,
19 - 21 eV; 31 - 35 eV, - r.ilar measurements will be performed for

four J = 3 resonances,

» % %
NFWO, Rijksuniversiteit Gent and SCK -Mol
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2,13, Direct g -Determination of U from the Measurement of

low-enerpy v -rays

I xx
F.Corvi, and P. Giacobbe

235
A new method has been applied for the determination of «~ of 23 U.

In conventional measurements of capture-to-fission ratios, expe-
rimental data usually need to be corrected for fission contamination

in the capture counting rates. This correction considerably contri-
butes to the systematic errors present in the final data.

To overcome such a difficulty, the new technique of @ determination
consists of measuring with a Ge(Li)-detector low-encrgy v -ray spectra
emitted from 235U, as a function of neutron energyv. Complete discri-
mination between capture and fission events is thus achicvert by the
amplitude analysis. It can be shown that a relative value of 5 can then
be deduced assuming that the intensity of a ygiven capture {fission) v -
ray is proportional to the average capture (fission) cross-section,

More specifically, o is taken proportional to the ratio between the
intensity of the 642 keV capture transition and the sum of the inten-
sities of the fission y -rays at 352 keV and 1280 keV. Average ~
values with statistical errors less or equal to + 770 wevre d rerrnined

for 19 intervals covering thc neutron energy range 7 <« - 530 ke’

. 238
2. 114, p-wave Assignment of U Neutron Resornances

) x
. Corvi

- . 2
In an cffort to perform p- ~.ve assignment of

7
/

U neutron resonnnces
the fraction of capture vy rays above 4.3 MeV was measured with two
7" < 6" MNAI(T1) detectors in the range 10 - 2500 ¢V, Siee the <ol

trensitions end at levels of positive parity only, they will he M oo

wave and Il for p-wave resonances; their enhancement <t “hen b gsed
as nn indication of p-wave levels, However, the m.othod & aof 10077 ¢f -
*

T ONIN, Bologna, Since lst September staff member »f CHBNM -

xx CNEN, Bologna
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fective due to PORTER-THOMAS fluctuations of the few transition widths
available, which make the F.1 and Ml intensity distributions partly
overlap.

The measurements are being performed at a 50 m flightpath: one

run with a 3, 50-. 107% at/barn thick sample was completed at the

cnd of July and the data are being analvsed. A second run on a

1.17- 10-Z at/barn sample is in progress. A preliminary analysis

of the first run shows that more than 60 p-wave resonances can be
s.lected in the range 10 - 1800 eV, These assignments will be used
in conjunction with the capture data of section2.2. to derive estima-
tes of the p-wave strength function and of the average s-wave level

spacing Do.

2.15. Measurement of the Relative Contribution of Different Spins to

the Neutron Capture Cross-Section,

* . :
C. C0ceva* , P. (}mcobbemc

A method was devised (C, COCEVA, an International Schoo! on Neutron
Physics, Alushta, USSR, April 2-19, 1974 - Dubna D3-79901, pag. 266 -
293) {or the cxperimental determination of the retative corntribution of
resonances with different spons to the total capture rate in energy inter-
vals containing several resonances, Under certain conditicus (he strengti-
function ratio of the two spin states of s-wave resonances in an ~ld tharget
nucleus cin he drduced from the measurement, Such a method has the
advantage of being p»licoble ‘v “nergy regions where tho rcsonances

are unresolved, i.e., wher  ne usual procedure of assipgning the spins

and measuring the parameters resonance by resonance cannot be appliefd,

The method is based on intensity measurements of particalar low -+ rpy

v -i.ys of the capture cascade. As an application, captive v rav o ~ira
T . . .

o) Ilo were measured in single resonances up to 460 eV and i cnergy

intsrvals including n any unresolved resonarces from 406 ¢ to 2 keV
In the resolved region, the spins of the resonances were assigned anel
the results of the method were checked with the help of known resonan-
ce parmmeters. Fluctuations are observed in the relative contribotions

of 7T~ 3and J = 4 to the capturer cross-section.



2.16. Spin Assignment of Bound Levels Populated by (n, v ) Reactions

C. Coccva**, P. Giacobbe**

Capture- y -specira have been measured with natural sambples at

. 99,101 191, 195 .
the resonances of the isotopes Ru and Ir in the resp.
v -energy ranges 390 - 1900 keV and 120 - 600 keV, The measure-
ment aims at deducing the spins of lew-lying levels from a compa-
rison of their populations for resonances with different spins

(C.COCEVA, P.GIACOBBE, F.CORVI and M. STEFANQX, Nucl.
Phys, A 218 (1974) 61-83). Data evaluation will begin in 1075,

2

. . 133
2.17. Primary y-ray Spectra from Capture in _Cs Resonances

b 3. b3
C.Coceva M.Stefanon**

Gamma rays in the range 5 - 7 MeV have been measured for 30 re-
133 . . .

sonances of Cs, selected by time-of-flight in the range 5 - 900 eV,

The objects of the measurement are the estimation of average values

and fluctuations of the reduced N1 and M1 radiative widiche, ond the de-
Fo

termination of spin and parity of low-lying states of o

A subsidiary measurement was perinrmed in order te assign the =pins
133 . . .
of Cs neutron resonances: time-of-flight spectra wore noeasnred of
the v-ray. de-exciting the (3 ) metastable state at £ = i76 k- v
€x
Such vy -rays were Aetected with a Nal(Tl) erystal and selecred by tivins
advantage of their .oy {71 == 50 nsec) with respcat t the corres-
; iz

ponding capture events, Data evaluation will begin in 1777,

2.18. Gamma Rays from Resonance Neutron Capture in  In

. . . b 4
. Co rv1*, M. Stefanon *

This work was published (F. CORVI and M. STEFANON, ~Nucl.*hye.
A 233 (1974) 185) with the following abstract:



Gamma rays in the range 5.4 - 6,7 MeV have been studied for 31
s-wave neutron resonances of 115In, selected by time-of-flight in
the range 3 - 430 eV, In a subsidiary experiment, spin J = 5 has
been assignedto 17 and J = 4 to 14 resonances by measuring inten-
sity variations of some strong low-energy transitions. The reduced
widths averaged over all initial states of the same spin have been
estimated for 41 primary transitions: these values have provided
information on the spin and parity of the corresponding 116In final
states. Overall mean values of El and Ml radiative strengths have

[

been calculated. The width distribution has been fitted with a y

function with y = 1,10 ¥ 8 g(’) degrees of freedom for M1 and
+0.1 ol : .

v 1,42 _g O‘;lor El radiation. An estimate of the spin cut-off

parameter ~= 3,6 N 82 has been derived. A non-statistical cf -

fect already evidenced in previous measurements has heen con-
firmed, consisting of a strong modulation of the radiative strength
against resonance energy, correlated also with the local neutron
strength function. In addition, it has now been shown that this

structure is due to El radiation only,

2.19. Montecarlo Calcvlations for the Moderator at » ..in«c_Targer

. k% tx . ..k
A.Bignami 7, C,Coceva ', R,Simonini

This work was published (A, BIGNAMI, C.COCEVA and R.SIMONINT,
EUR. 5157, e (1974} -~ith ilke following abstract:

The results are reportec. . viontecarlo calculations which were per-
formed to compare the characteristics of two different dispositions of
the moderator near the pulsed neutron target of the Geel linear ne
lerato. for neutron time-of-flight experiments. The re:clution fu ion
is obtained for the disposition eventually chosen., The cffe.. of diijerent

flightpath directions on the resolution is evaluated,
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3, STANDARD NEUTRON CROSS SECTION DATA

Abs:iract
The programme on standard neutron cross-section data deals with the
, o0, and

, O
tot n,vy f
with the calibration of fast neutron fluence monitors. The neutron mea-

measurement of the cross-section types o, 0
’

surements are performed at the Van de Graaff, the electron linear ac-
celerator and the slow chopper facility of the SCK's BR-2 reactor

(Studiecentrum voor Kernenergie, Mol).

Measurements pertaining to the ()Li(n,a) cross-section are reviewed
in section 3,1.. The evaluation of total cross-section measurements
on 6Li, H and C is started, the evaluation of elastic scattering cross-
section measurements of 6Li 1s in progress and a detcctor for (n, o )
cross-section ratio measurements of 6Li to 1OB is in the test phase.
Preliminary results of l{)—('Au(n, gamma) cross-section data are dis-
cussed in section 3,2.. I'inal results on absolute fission cross-secction
data of 241Pu in the energy range from 0.01 eV to 50 eV are reported
in section 3,3, as well as preliminary fission cross-scction data of
235U up to 30 keV, The running experiment on fission of 27)3U in the
thermal enerpgy range is brieflv described in section 7.2 . The CTNN

contribution to the international intercomparison of reutron flience

dietectors is given in section - 4 .,

o b . .
3.1, Measurements Pertaining io the Li(n,q ) Cross-Section

. : P 6.. 7. .
,01000  Total Neut.ouw <. s Zostion Measurements on L, 7 Tarbon
~t alon and Hydrogen be.w.. .. gl 2 MeV,
ok}
page 2. of 1<, H. B8ckhoff, A. Dufrasne
WP ENDA
Vit An experiment has been carried out at the Linac with 17:¢ obioctive
113
of obtaining an accurate value of the total cross-section nf " 1.7 in
211 energy range comprising the resonance near 250 keV Tl o
periment corsisted of simultancous transmission mea=- - nent: on
b7

Li, ‘L »ne. .arbon samples, The measured cross-section data on
7Li were used to correct for the 7Li contribution of thr rariched (I_.‘i
samples, The data on carbon served to control the valirtity of ti L'/L,i
and 7Li data. Finally the validity of the carbon data were checked by

means of a determination of the total cross-section of hydrogen re -



sulting from a simultaneous transmission measurement on a hexane
b 7
(C6H14) and a carbon sample. In total three Li, three Li, two

hexane and two carbon samples have been made. Data evaluation is

ln progress.

. 6. . . .
Transmission Measurements on Li with the Monoenergetic Beam

H. -H. Knitter, M. Mailly

Total cross-section measurements have been performed al=o in
the energy range 0.1 to 2.4 MeV on 6Li using the Van de Graaft.
Corrections for the inscattering effect and the isotopic content of
-'Li in the saiuple were calculated and applied to the raw data.

The total cross-section values are plotted in Tipure 3,1 versus
the incident neutron energy. A preliminary representation of the
total cross-section in terms of R-matrix theorv was made. From
the obtained parameters also the n-4 cross-section was calculated,
The value at its maximum in the prominent 5 "2 resonance came
out to be higher than the frequently accepted value of 3,0 b, The
analysis will be finalised, wwhen the elastic neutron -cattering data

described below are available

Differential Neutron Scattering Cross-Section Measurements on

H. -H, Knitter, R? Vogut

The measurements of the neutron differential elastic scattering

cross-sections of 6Li have heen started at the YVar e rnnt:
accelerator. Angular distributions at incident neutron encrgie:

Sl 40, 0045, 0,50, 0,55, 0060, D65 0,70, 0, Th 0 800 TR
(.00 and @, 05 MeV have bheen measurerd but net yet o-nated,
A mterant will e made to continue these measurers nbe down
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Measurements of the 6Li to "B(n,a) Cross-Section Ratio

U I

C. Bastian, G.Le Dez, E.Wattecamps

The smooth shape of the 6Li(n,a )T cross-section, its size, the
absence of sizeable competing reactions and the use of 6Li in
glass-scintillators makes this reaction best suited as a secondary
standard. Unfortunately, the measured cross-section data do not
converge satisfactorily, even on the peak value of the resonance
around 250 keV, A measurement of the (n, ¢ ) cross- section ratio
o1 61_& to 10B from 100 eV to possibly 1 MeV, using the Xe-gas
scintillation technique is being prepared. Tests of the electronic
equipmernt and operation of a Xe-gas purification system are in
progress now. Foreseen as samples are thin films of mB and {)Li
deposited on the inner surfaces of thin quartz cylindrical shells

of 8.0 cm radius and 10.0 cm length. The neutron beam is per-
pendicular to the axis of the cylinder, Two U. V. photomultipliers
on the flat faces of the cylinders detect in coincidence the scintil-
lations produced by the reaction products escaping inwards from
the cylindrical sample., This geometry allows the use of thin large
arca samples and reduces the influence of the anisotrooy of the
6Li(n. ~ )T reaction. A turnable sample changer, now 1in tke late
design phase, will bring the sample in position between the viewing
ports and rotate it there slowly around its own axis in crder to com-
pensate for non uniformities in the density of the dcposit. ©On com-
mand, the sample will be changed in order to irradiate ()Li and mn
under the same ccnditions. ¢, without changing the Xcron filling
of the sample changer, The Xenon gas will be circutaicd continuously

over a Titanium oven to discard quenching impurities,
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3.2. Determination of ? l./\u(n.v ) Cross-Sections in the 0.1 to

3.0 MeV Region.

A.Paulsen, H. Liskien, R.Widcra, F. Arnotte

Measurements of the lg?.-'\u(n,v) cross-sections tc an accuracy of
about + 5% by means of the activation technique are in progress at
the 3,7 MV Van de Graaff accclerator. These measuremoents in the
0.1 to 3.0 MeV ncutron energy region aim at resolving discrepan-
cies between existing data in the 0,3 to 1, 5 MeV anergv region and
to provide more information above 2 MeV where npresently liitle
exists, The discrepancies amount up to 20% and the results from
direct det~ction techniques seom to be systematically lower than
those from activation measurements, Irradiations at 200, 300, 190,
500, 625, 737, 875 and 895 keV relative to the Fi{n,n' cross-=cction
by mcans of a proton recoil proportional counter are finished, A mi-
nimum of four runs were made at each encrgy. it was not possihie

to get reliable and reproducible results below 250 k', When ap-
proaching the threshold of the neutron source resction i this case
lLi(p, n)) from above hy decrcasing the incident prafen «uerav the
relative neutron encergy difference between 07 and 19 conj: sion
direction is strongly increasing, Consequently ¢ a0 ' nontrans
bhecome increasingly eifuctiv. 'n distorting the capnise mmrasureraents,
The prceliminary results are i re:sonable agreemen: otk tihe  xisting
data but are again systcmaticatly higher than recen’ vt et sction
results from I.F. RIGOLEUR (Cadarache, 1273}, Teos acviation amounts
up to 15% at 400 ke V. Exccilent agreement was fonad . ¢ s kel with
the result of ROBERTSO!! et al, (NPL, 1069) at 964 koV. A mare de-
iniled discussion can only be given when all measur:mirnts aad dain
«valuations are finished, Measurcments betvecer 1.0 wod 20095 Me®
have been carried out but had to be confirmed by renic.csuraments with
necw accelerator targets. These measurements and nes - L s ina- o

encrgy range from 2,25t9 3,0 MeV are in progress.
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3.3. Measurements Pertaining to Absolute Fission {ross-Section Data

682072 Measurements and Normalization of the Neutron Induccd Fission Cross-

_-----—-----------------------------------_-___...-..--_--_--_------

691328 Section of 24 Pu in the Energy Region from 0,01 ¢V 1o 30 oV,

- S e W T N N Em e e MU BT T e aEmE e - = -

691821 R. Barthélémy, G.Le Dez, C,Wagemans

These measurements complete a series of experiments and evalua-
tions by DERUYTTER and WAGEMANS (Journ. of NMucl. Fn. 25 (1971)
263; 26 (1972) 293 and Nucl. Sci. & Engn. 54 (1971} 1423) on the 1o«
energy ncutron induced {ission cross-sections of the four comnon
fissile isotopes and of their normalizations, All the mcasurements
were performed at the same 8 m flightpath using the saime basic
apparatus, The fission cross-section was obtained via = diract com-

. . . 10_. .
parison of the fission rate and the B{n,a )-rate dotected with sure
. ) . ) 211
face barrier detectors placed on both sides of 2 huck-to-hack Pu-
10

B foil. The background - which was very low - was determined with
the black resonance technique. The measurement= ore finished wnd
analysed. The relative fission cross-scction curve obtained wis nor-
malized at 0.0253 eV to 7 (2200 m/s) = 1019 + 8 3.« the value re-
commended in "The 3rd IAFA review of the 2200 1y . 58 20 O MNax-

. 233,235 230, 241 ..
wellian neutron data for i U and ¢ | LN RN A 5 D0 S 3 7S

1

1

to be published). Several fiszrion and resonance intcer-ls arc erou!

ted from the so normalized =, -ciirve and compavaed © 'ib sikeor results,

1

A suitable fission integral is proposed for further norst? tisn pur.
poses: 20,0 eV
A (EWE ~ (1366 + 13) hoeV
12.0ev *
’\ff‘.ﬂ.f:tir.ﬁrrle.t.a.rzd..l‘{otrz'fﬂlzau?e.@-t_*zq Neutron Inavced »ission ¢

661043 Scction of U in the Energy Region 5 eV - 30 keV

- - --—-- L R e I I IR

et al on R, Barthélémy, G.Le Dez, C.Wagcmans

page 68 . . . .
i These measurements are the logical extention toward . Lughoer ener-
and A7 . . o )
gies of the previously published absolute fission cros«- nection -
WRENDA ‘
surements at 2200 m/s (DERUYTTFR et al. Journ, Nus! Fn , 27
list

(1973) 645), and of the measuremeants in the encrgy reion 0, 01 «V
20 ¢V. The latter were normalized to the first (DEREYTT 72 Lnd

WAGIMANS, Journ, Nucl, En., 25 (1271} A3}, The sim of the pre.
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sent experiment was to obtain accurate fission intecrals in the high
energy region carefully normalized to the previous!s mentioned re-
sults. The measurements wcre perfermed at a 3% m flightpath of

the Linac under similar conditions as the above mentioned cxnori-
ment i.e. the fission rate and the neutron spectrinr «ore mensurerd
simultaneously with surface barrier detecters on ~ach side of a hacio -
to-back 2?’SU and OB layer. The measurements a> ~ow [inished and
are being analysed. Absolute fission cross-section dain fcom thermal
up to 30 keV will be available soon. Integration o! thess dat in well
defined parts of this energy range yields accurate novraaiization in-

tegrals. These integrals might be used for rencro Ui iion and re-

duction of discrepancies between published data,

J. Brulmans, R. Buyl, FE.Wattecamps

To fulfil requests of WRENDA 74 and on request of t'« *AT.A accurate

.. . 233 ) {
fission cross-section measurements of 7 andd T im che therma

s

enerpy range and the reference value at 2200 mo = il e periommod,
The chopper facility has been brought into operatinn nd - “ e s -
rements of 233U are in progress. Apart from «iicio '.’1*,'_-;.":,;;".1?7();1:—‘

in the data acquisition systera the measuring proccedacce e e ical

to the already weli 7:3nvihed technique used in forme - voenenrTements,
(A.DERUYTTER et ai., } Nucl. Fn, 27 (1973} 615}, Th~ . U zamaple -
are available now with an absolute composition relvine oo the foie -
Lalf-lives value measurements of VANINBROUKY (. 5 o o i,

this report). A sample changer based on the Gonev el nring

is used, Two boron standard layers and tw»n fiscion o -

Lrousht alterntively into the neutron beam. The repeod | 7 it
the sample detector distance was measured to be wit . - 05
The flightpath was measured to a relative uncertainiy o 77 R

th~ long range stability of the electronic equipment Jo = icfne, -
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3.4, Participation in the International Fast Neutron I"luence Inter-

comparison organised by BIPM.

H. Liskien, A. Paulsen, R.Widera

Most published cross-sections depend on a single method of flux
measurements, and it is likely that some of the discrepancies
between different groups result from an underestimation of the error
in flux, Therefore the EANDC symposium on "Neutron Standards
and Flux Normalization'" in 1970 endorsed a proposal of the CCHMRI
Section III committee of BIPM (Burcau International des Poids et
Mesures) to carry out an intercomparison of flux measurements
with transfer instruments in well characterised neutron {ields at
several lahoratories. This comparison involves the calibration

of "transfer instruments' by the participating laboratories at spe-
cific energies. Together with four other laboratories (WNRC Ottawn,
BIPM Paris, CEN Cadarache and NPL Teddington) directly repre-
sented in the BIPM-CCEMRI-committee, CRBNM participated in the
first round, which is primarily intended to gain experience in trans-

fering instruments,. At the CBNM the following results s=ere oblained:

Necutron energy Transfer Sensitivity DN M
{(MeV) instrument (counts n/sr) methadd

0.250+0.014 Bonner spheie (5,3140.21}! 0" nron, counter

580 Torr i,

20 Torry C‘.;“,‘1
2.200+0,074 Bonner sphere (7,610, 27)10_6 recoil t(flr,-sr.:(;p(e
2.50040.079 Bonner sphere (7.15+0.24)] 0-6 recoil telescope
2.50040,106 Bonner sphere (6,90+0.25) 0-6 pIGD. counter

1200 Torr o1y
i1, 80+0.29 2380’ fission {6.50+0. 25)i ";._6 receoii iclescupe

chamber

Results from all five laboratories having participated were discussed

recently in Paris and final evaluation is underwa vy,

‘)

Comite Consultatif pour tes Ftalons de Mcesures des Rayonnements

fonisants
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A copy of a 'directional counter' (NIM 88 (1970) 1) has been rec~ived
from CEN Cadarache and made operational at the Van de Graaf: la-
boratory. Its efficiency has been established at Cadarache but w:ll
also be determined at Geel yielding additional information about the
reliability of the developed flux measuring devices at Geel and Ca-

darache,



4. NON-NEUTRON NUCLEAR AND ATOMIC DATA

Abstract

Measurements of non-neutron nuclear and associated atomic
data, in which international committees, like INDC, scem
to be more and more interested, have been performed at
CBNM mostly by the Radionuclides Group. Reliable values
can only be obtained, if many independent methods of
measurement are employed and contineously improved. A

part of the effort is devoted in this field.

A new value of the half -life of 23

=
3U of (1.5925+0.00:10)-10 vy
is now available that is in good agreement with a rccently

published result measured at ANL at Argonne,

Decay parameters of various radicnuclides have been determined,

1
15mI

as e.g. those of n, which are important in reactor dosimetry,

A survey on "Orbital Electron Capture by the Nucleus' and an
updated edition of the report on "Isotope Abundroneos and Atomic

Weights of the Elements' have bcen preparen.

4.1. Nuclear Data

Compilation of the Half-Iives of Actinides

R. Vaninbroukx

An accurate knowledge of the half-lives of the actinides is

of particular interest for several nuclear applications, Often
the spread of the published values is many times iarger than
that expected from the accaracies claimed, Therefore a com-
pilation of the reported half-lives of the most used lone-lived
actinides has been made. (R. VANINBROUKX, EUR #.%4e

(1771), The half-livesof some long-lived actinides: i» compilation).
"Best' values and limits of uncertainties were proposed; they

are given in Table 4,1,
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Table 4.1: Proposed half-life values

Nuclide Half-life

?.32U (72 + 2)y

233y (1.502 + 0.003)10y
234y (2.446 + 0.007)107y
235y (7.038 + 0.020)10"y
236y (2.34 + 0.20)10'y
238y (4.468 + 0.010)10"y
238py (87.8 + 0.8y
239py (2.430 + 0.025)10"y
240p, (6.55 + 0.07)10%y
24lp, (14.5 + 0.5)y
242p, (3.87 + 0.05)107y
2Mp, (6.2 + 0.1)10'y
241Am (432 + 4)y

252 ¢ (2.64 + 0.02)y

The aim of the compilation was also to show waere further
accurate measurements are necessary in order to resolve
existing discrepancies.

2
Determination of the Half-Life of 33U

- = m e e e e 4 m e m - ——— = = —

J. Broothaerts, P. De Bievre, D. Decnechke, M, Gailat, G, Grosse,
Y. Le Duigou, W. Leidert, R, Vaninbroukx, V., Verding and
W, Zehner

The deterraination of the half-life of 233[1 has been cormpletd

(R. VANINBROUKX, P. DE BIEVRE, Y. LE DUiGOU, A. 3PERNOL,
W. VAN DER EIJK, and V., VERDINGH, The half-liic of 27U,

to be published), The method is based on the meacurement of

the specific activity of 2330 samples by Q-ray counting techniques,
and on the determination of their uranium content. The samples

were prepared from two different enriched material (99.769 233U
and 99.999% 233U. respectively) either by quantitative dissolution

and drop deposition (DD) or by electrospraying (ES). The activity



wias determined by three widely different methoeds:
(1) counting of @ ravs in i defined low geometry solid angle (1.G):
2) counting of ® rays bv liquid scintillation {l.S}, :nd

/ £ ), \ 1 {
(3) counting of @ rays in a 47 gas-filled proportioni:! connter V73,
The uranium content of the samnples was determired by two
independent methods: mass spectirometric isotopic dilation 1)
and controlled potential coulometry (CPC), The results of the
different series of measurements performed since 19649 ar

P

given in Table4.2.Thesc result show the improvement of oo

methods during the last vears,

Tabled, 2, Hal, -life of 233&}_
Series | Year of Sample prep.| U-determ, activ, o "'L' Bty
measurem, technique method detormin, AT LA
1 1969 DD D CPC LG, LS.+~ RARTE
2 1969 DD iD. CPC LG. [.5.17 PSR T
3 1972 DD iD,. CPC 1.Gi. LS, Pomsim
4 1973 DD D, CPC 1.8 I R
5 1973 DD h, CPC LT Y R
6 1971 mS 1D (0 P
7 1974 FS i ID .G R
8 1974 FS i, Crc LGS BN
9 1974 JON] N, CpC LG, 1w , P
The final value for *the half-life of 223(}' was deterinincd o G

(233
172

The quoted uncertainty is the overall uncertainty oo & 99

5
T U) = (1.592540.0040)10 vy,
confidence level, taking into account statistical .nd syntoro

Ttnenwtaintt
unceriaintt

(i, Grasse, W, Oldenhof and R, VYaninbroukx

. L 230 .
Mcasurements to determine the half-litfe of I Ttave L

started using similar methods as thonse descr.bed ahove o



In preliminary experiments the stability of the pliitonium

solutions in the organic scintillators was tested. It transpired

that mixtures of aqueous sol.(50u gPu’'ml 5N HNO,) and the organic
scintillators (Dioxane+PPO+naphthalene+TOPQ), which have been
successfully used in the liquid scintillation measurements

with uranium solutions, were completely unstable. 0 was

found eveitually that a good long term stability could be

obtained when 100 Ug zirconium (in the form of its nitrate),

per ml platonium solution was added. In Table -t 4 the wrabiligy

of two samples over a period of two months is shown. or

each sample 25 measurements were taken,

Table 4.3, Long term stability of Pu-measurcments

by liquid scintillation

i
Sample Reproducibility Stability: slope of the oheorved '
Stand., dev. 4 75| activity in 7% per mionth i
1 0.03 (0,05 + 0,02} !
2 0.0t (10,02 + o
C - 95. c
Determination of the “~~7Zr Hal/-Tife

H.H. Hansen
9

The decay of three 95Zr+ 5Nb sources has been :oiioeed wiih

a Ge(Li) detector for pericds of ahout threce (’)57,1' R R
Sources were made - ' _ositing a droplet of the rad.o ctivo
solution onto gold coated VYNS fnils and by encap<ui~ting th
radioactive material in a small Al container. On:. of the ga

has been measured under two different geometrics: ~onddition

The activities of the sources were about 50 pCi w7 heo e
of the experiments, The spectra were treated hy p . At
summation for both the 724 and the 756 keV v-ray ik o it
fixed energy limits, The individuxl results show no s:g-ificans
dependence on the type of the radioactive source, o the g - otrical
conditions or on the different v-ray peaks being treatea, Tho

95,

preliminary result is TI/Z( Zr) = 64.0d, The measurements



will be continued.

.. De Roost, II.H, IHansen, W, van der Fiik -nd R, Vaninbroukx

115m . - .
The decay of In has been investigated using accurate

counting methods. (H.H. HANSEN, E. DT ROOST, W. VAN DFR EIJK,
and R. VANINBROUKX, 7. Physik 269, 155 (1274}, The decav

115m . .
of In). The emission rate of conversion clectrons plus

@ particles was determined with a 478 proportional flow counter.
The total and K-shell internal conversion coaefficients of the

336 keV v-ray in 1ISIn were measured by the @ conession
clectron){x-ray)  coincidence method using corhinations of «

Si surface barrier with a Nal(T1) detector and nf i magnetic
“-spectrometer with a high energy resolution Si{l.i) detector.
respectively., The conversion ratio R = K/(TAM:. . .) was dediuced
from clectron spectra recorded with the magnetic =-spectremieter,
The 336 keV y-ray emission rate of all sources uscd was
determined with a calibrated Nal(Tl) y-ray spectroracter, A Gelli)
detector has heen used to determine the relit o 0t rerte of the
497 keV v -ray in 115Sn. IProm the results the Por 70 has Hhoen
deduced: the 336 keV y-ray emission per deca, 15,200,157,

the total internal conversion coefficient {1,073,

Glas, the Weshell

intern:l coaversion coefficient {0,84340,012), he (orversi b oratio
(3.6340.07), the 8 -transition per decay going to thc ground =tate

(5.0:0.7)% and to the first excited level in ' &n (6,047-0, 002}
and the 497 keV v-ray emission (0,103+0,001)7, From the
obtained internal conversion data it follows that {he 336 oV veavnw

transition is of M4 character with an E5 admixtur.: of less

5 ” o : . - 1=
(3,541, i e half-life of the isomeric statc oo e b oen
determms o7 0 four different methods, The resalts o 3, defi -0, 0000,
) .. . . . 139
Mcasuretient of Internal Conversion Data of rhe 10h5 oY yorae in 1.

H.H. Hansen and D. Mouchel

The internal conversion of the 165 keV y-ray transition in the

139 . . L .
decay of Ce has been reinvestigated, The emission rate of
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IK-shell internal conversion electrons was determinoad with

a (K conversion electron)-(K x-ray)-(K x-ray) triple coincidence
measurement using a magnetic 2-spectrometer and two Si(Li)
detectors of high energy resolution. Furthermore, conversion
clectron ratios were obtained from electron spectra recorded
as a function of momentum. The ¥-ray decay rate of the usecd
sources has been taken from measurements with a calibrated

Nal(Tl) vy-ray spectrometer. The following preliminary results

have been deduced: aK:o.215, =0.252, K/(L+M-+...)=5.85,

K/1.=7.46, and L/M+...=3.65. Errors of about + 27, have to

be assumed for the internal conversion coefficients entirely
due to the low triple coincidence rate. The crrors on the
conversion ratios are betwcen 2 and +5%, mostly duc to

graphical spectrum treatment and extrapolation.

Review on Grbital Electron Capture by the Nuclecus

W. Bambynek

A review on "Orbital Electron Capture by the Nucicus' has

been prepared in collaboration with American, Prrash and

German scientists., The survey covers the followine =abiects:

electron capture theory; experimental methods to measure

L-capture to K-capture ratios, M-capture to L -capture ratios,
and electron capture to positron emission ratios; critical -
of the cxperimental results and comparison with those predicted
from theory; theory and experimental verification ol radiative
clectron capture; atomic transitions accompanyinpg nuclear electron

capture. The second draft is nearly finished. It is jlanned to

have the review published in 1975,

Evaluation of Decay Scheme Data

W. Pambynek, H.H., Hansen, T.D, Mac Mahon

Evaluations of nuclear and atomic decay scheme data of the

L.ondon Reactor Center, UK
t
Emory University, Atlanta, Ga, USA

, and PoVenncopala

R0
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nudides ZZNa and 204'1’1 have been studied. They are performed
according to the rules, which were discussed by 1iie European
Working Group for Evaluatior of Nuclear and Airmic Data and
which are published by Grinberg ct al, (B. GRIMNBIRG,

J.P. BRETHON, F. LAGOUTINE, Y. LE GAL.LIC, J. LEGRAND,
A H., WAPSTRA, H.M., WIEIISS. W. DAMBYMNPK, II. DE ROOST,
H.H. HANSEN, A, SPERNOL, Critical IIvaluation of Decay
Properties and Compilations of other Useful Data of I'requently

Used Radionuclides, Atomic Energyv Review 11, 315 (1973)).

4.2, Atomic Data

Measurement of Photoelectric Gross Sections

H.H. Hansen and K. Parthasaradhi

Total photon interaction cross-sections bive been measared

in the elements Al, V, Cu. Mo, Ta, Au, and Ph ot cight

photon enerpgies between 165.8 and 1332.5 keV. Xicasu cneeits
were made with the transmission technique on 2 "good geometry"

set-up using a high encrgy resolution Ge(l.i) detector. Photons

it ) 5.0
o

of the required energics wore ohtained from : o,
()OCO, QSZr/'QSNl), 137(,’::,, ek 1%”(}0) SOUTTC oot

70 UCi strength, The ¢ ..+ thicknesses v bLotocen

1.5 and 20 _r:/](:rnz i soerdes oo chtaln thieton Leie - cdections

1 rey
of between 30 and 70%, The o cometry was chnsen o0 sach 0 way

. o . =4 .
that it de'inea a solid angle of about 2-10 CoOrreasding to o
nhoton beam opor v o F * than 27, Phoate-. i (ross-
sections will be obtai .y subtracting calonlst o0 D ontributions

due to coherent and incoherent scattering from v ~bheoreed total

interaction cross-sections,

Andlirn University, Visakhiapatnam, Indi~
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Mcasurement of K-Shell Tonization During ¢ Decay

H.H. Hansen

Internal ionization during - decay has been sicied for the
204'[‘1. (H.H. HANSEN, *hvsica Fennica 9
(S1), 264 (1974). K-shell Internal Ionization Prohabilities in
zo:lTl). The total Keshell

isotopes l43Pr and

Nuclear Beta Decay of 1-131% and
internal-ionization probability per ::--d(:('ét';’, PK‘ has been
determined from the number of emitted K x ravs and the
total °--decay rate. Radioactive sources wer-- made by drop
deposition onto gold coated VYNS foils of total thickness

2 . : .

between 50 and 150 Ug ecm”, As both radioactive materials
13 . . .

show a complex K x-rav spectrum { Py is s=lightly mixed

204 '

with other rare earth isotopes and Tl has o cpadl EC

branch) advantage was taken of the high epsrgv resolution of a
Si(Li) detector (260 ¢V for the Mn K_ x ravs of 5.9 keV) in

order to discriminate against all x ravs nor orvizginsting from the

1

daughter nucleus after - decav, The & pasticics iron the sources

wore ahsorbed in Be disks of suitabie thicknouses, The doetection-

efficiency calibrations were periormed using = v~ emitted from

241 .. .
Am sources of known disintegration rorc . T h 0 goony ratoes

of the used 3 -rayv <o - were determinen o T counting

measurements with a oalibraicd end vindow om0 el by liguid

4
o N -

scintillation counting. The results arce P02, 34:0. 22019 and

K -

. - 14 204 . o .
(1.12:6,09)-10 4 for 3Pr apd "Ti, reghecticsic. The error
given on P, is composaed of the standared erro- & o totild

K
systematic error ch-rocteristic for the serice of Mmeoasurements,

The total systematic error is the arithmetic a0 the individunld
components due to the efficiency calibration, 1L doterminat’

of the disintegration rate, and the nuclear and atomic cone oirs used,
The agreement of these values and with theory ano i otter

recent cxperimental results is very satisfaciory.

Isotope Abundances and Atomic Weights of the Ei.ments

P. De Bicvre, M. Gallet

In the frame of the "International Mass Spectrometric Fualunation



Group', (IMSEG) which was set up by the IUPAC’s Commission
on Atomic Weights, a thoroughly reworked ard updated edition
of the report on Isotope Abundances and Atomic Weights of

the Elements has been prepared. From this compilation best
estimates of natural isotope abundances, uncertainties on atomic
weight values due to upper limits of neighbouring isotopes, and
observed ranges of natural abundance variations nave been

evaluated and submitted to IMSEG.

Collaboration was provided te Prof. Mtnzcl (KFX) in order to
furnish the natural isotope abundances of the elements for the

planned 1974 edition of the German "Nuklidkarte™.

4.3, Metrology of Radionuclides

International Intercomparison and Standardizaticn of Radionuclides

E. Celen, G. Crosse, R, Vaninbroukx and . Zohner

In the frame of an intercomparison, that was organized by the

Bureau International des Poids ct Mesures (RIPMN), Paris,

. . . 13 . .
the radioactive concentration of a C)Ce solution was determined
(R. VANINPROUKX and E. CELEN, CBNM intoreond note:
CBNM/RN/5/74, Deteiinination of the specific activity of a

13 . - . . . \
gCo solution for a BIPM intercomparison using the 47(AX)-v

coincidence method). The objective vas to investigate the efficiency
extrapolation technique in (47 Auger clectron plus x-vay)-(v-ray)
coincidence counting for = nuclide with a daugater having a
converted ¥ ray. Oth:, participants were the Atoraic Energy
Commission Limited (AECL), Chalk River (Canada); the Bureau
International des Poids et Mesures (BIPM), Par.s {(Fvance); lic
National Physical Laboratory (NPL), Teddington {((J}), and the
Physikalisch-Technische BDundesainstalt (FT}%'), Drauns hweig (Germany),
The material was distributed by the NPI.. Variasion of the

cfficiency in the "B8" counter, which is the basis of the exira-
polation method, was obtained by covering the sources with Al

foils of increasing thickness. The statistical uncertainty (99.7%
confidence level) of the result is 0.4% and the systematic

uncertainty was estimated to be 1.4%. The resuit agrecs within



0.6% with that of the NPL. The results of the other participants

are not yet available.

Reference sources of ZA“Am of special size, not commercially
available, were prepared and standardized on request from the
Studiecentrnm voor Kernenergie (SCK), Mol (Belgium).

The overall accuracy of the results on the basis of a 99.7%

confidence level was 0,579,

Improvements of Methods to Measure v and x Ravs

G. Grosse, D. Reher and R, Vaninbroukx

The accuracies of the experimental v efficiency curves of
a 3"x3" Nal(Tl) detector in three defined solid anples and two
Si(Li) detectors,each in one defined solid angle have been improved

109

by recalibration with scveral standardized sources of Cd,
1ZSI 133 241

, Ba, and Am.
A 4" dia x 1/2 thick detector has also been commissioned to
be used to measure x rays of low energy (F > 10 keV) under three
definied solid angles. Pecausc of the larpe diemeter of the crystal
the instrument is nearlv irsensitive to the cccentricity of sources
prepared by drop evaporation, and hence better precision can be

obtained.

For the determination of low intensity v-transitions and radio-
chemical impurities an anti-Compton/pair spectromecter is under

development (see Scction 9.4.).

For the determination of x rays a solid state sandwich detector

is in construction (see Section .4.).

7.1, Tansen, K. Hofmans, D. Mouchel, H, NerhH. i, Sattler and

1T, Schipke

New clectronic instrumentation has been developed (E, SATTLER,

H.H, HANSEN, K. HOFMANS, D, MOUCHEL, H. NERB and

H. SCHIPKE, Nucl. Instr. Meth., in press. Automatic Control

and Data Acquisition of Magnetic Beta Ray Spectrometer Measurements)

in the coursc of replacing a valve current supply and control system,
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The installation of thyristorised switching regulators as magnet
current supply units with their inherent low heat production
overcomes stability and reliability problems occuring due to
excessive ambient temperature variation. The iniluence of the
history of the magnet has been reduced considerably by a
reproducible completely automatic demagnetisation procedure.
Use has been made of CAMAC standard equipment as much

as possible. The quality of the overall performance of the
spectrometer has been dermonstrated by a series of measurements
and tects. An overall stability of 1.7-10_5/"(3 for measurements
of 24 hours and longer and at 10A current range has been
achieved. The reproducible adjustment of thc¢ magnetic field is

a measure for the reliability of the controliing and demagnetising
procedure. It has been shown that a preselected current value

could be reached within a wvariation of + 0,002,

Improvements of Methods to Measure @ Rays

W. Bambynek, B. Denecke

Some aspects of Q-counting of thin sources have boen reinvestigated
in order to improve the nccuracy attainable on activity measurements,
+ large part of the uncertainty is in the estimation of the counting
solid angle for large inhomogerneous sources and a device is

being constructed to automatically scan over the source. In

addition the scatterimg of the particles by the wall of the chamber

and the residual gas hac< "~cn investigated experimentally and

in consequence it is now possible to calculate the uncertainties

due to this effects more accurately.

Numerical Methods to Evaluate Spectrum hta

A new procedure for the numerical evaluation of the total area
8 239 240 .
of Pu and ( Pu+ Pu) peaks in GQ-ray spectra has been

de ;eloped, A typical spectrum is shown in Figure 4.1,
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Fig.41 Alpha ray spectrum of a Pu sample
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8
The experimental data which belong to the 23 Pu group in
the region (d,f) are fitted with a sum of two (i=1,2) skewed
Gaussians according to

—(E-A3i)2

f(E) = T AL exp ( ), (1)

;\2(1+A5(E-A3i)A4)
where Ali is the peak height, A2 is the resolution parameter,
A3i is the peak energy, A4 is the skewing parameter, and A5
is the tailing parameter (M.P, TRIVEDI, Progress Report
1969-1970, NYO-844-81). The part of the single-peak-spectrum
above A3i is presumed to have Gaussian shape, hence A5=0 for

E=A3..
i

The contribution of the 238Pu group to the experimental data
in the region (a,b) is found by iteration as follows. With an
initial estimate of the fractional contribution of ZBBPU in (a, b),
the tail (a, d) of the 238}311 group is fitted with the model of
Eq. (1) using the constants Ali,A;,A?;i from the previous fit
in (d, f). This gives the paramecters A4,AS5 in the region (a,d).

. . o 23
Using these paramecters and assuming that the neiohts of gPu

240 e
ind 4 Pu subgroups are voth B/2, the fractional contribution

of 238Pu in (a, b) is calculated according to Eq. (1) with
1-3,4,5,6,7. All the energy differences and ratios of peak ncights

are known from the decay schemes.

Areas under the Pu groun- are obtained by integrating the tail

recgion and by summing up the corrected data outside that region,

The nonlinear least squares program which was used is a shc - 2ned
~w:rsion of an existing program (E. VAN DER VOORT, B. DO TEMA,
FUR 4777e (1972) ; . VAN DER VOORT, J.P. HALL®UX,

EUR 4959e, (1973)). -
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5. SAMPLE AND TARGET PREPARATION

Abstract

During this vear we have continued to make speoial samples and

[¢4

targets for CBNM groups and for outside users. The total num-

ber of samples was 20560 covering 103 different orders.

About 60 7, of these orders are for bulk samples not requiring
support on a backing and are used mainly as
- reference and standard materials for community programmes

organized bv the EURISOTOPR Qffice of DG I (Industriai Affairs)

- materials with certitied composition in seolid state physics and
analytical chemistry e g, spikke materials for the afeguards

analyses).

The remainder are very thin samples usually requiring a backing.

They arc used as tarygets for nuclear measurements.

S Bulk samples
E. I'reistedt, j. Mast. M Parengh, F. Peeteryono . 80 Triffaux,

J. VanAudenhowve

These samples are prepared mainiy o Jiear’ imantg o,
powder o inpg, rolling or guantitative atloying wv=sing be hagh

frequency le: 2 tion » eitine technigue,

The list of the bulle +5: sies is given in Table 5 1

5.2, Thin samples

M. Aerts, W, Dobma, W, Lycke, ¥, Michieis, O Adronenbeorn,
2. Rietveld, . Ruts. H. Silvester, J. Tjioonk, 7. 7= . afddigve,
P,owe Thoatel, V. YVerdingh, T, Warlbers, W, VW O ove

The list of thin samples prepared in 1974 is given in Table 5 .,

As in previous years, a large number of thin filing of frans-

uraninm clements have been prepared.
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- The preparation of 243Am and 24 Am targets

H. Ruts, F. Michiels, V. Verdingh

One of the difficult sets of targets which was prepared is 243Am.

Twelve 243Am lavers were requested by CEA Saclay for fission
cross-section measurements in the energv region of some eV to
5 MeV and these were made by suspension spraving. A yicld of

about 70 9% starting with 80 mCi of Am was observed.

The base material { 99 % 3Am)was supplied by the applicant

Work is also in progress to prepare some samples of 21 Am

for neutron cross-section measurements. An agreement has

been reached hetween different groups of physicists of CBNM,
GfK, AERE Harwell and SCK Mol to use the same ~''Am

samples.

The samples to be prepared by CBNM will have the following

characteristics :

l. Large surface sample :

200 x 200 mm Total activity : bCi
2.Sample for transmission measurements

Diam. : 14 mm

Canned in Al Total activity : 10Ci
3.Sample for scattering and capture measurements

Diam. : 50 mm

Canned in Al Total activity : 50Ci

- Investigation on th: .udioactive sources

L Sy P I I L

W. van der Eijk, W. Zehner

Several methods for the preparation of drop sources have been
. . 60 L

compared by preparing sources from one = Lo solution.

After different treatments as, e.g. addition of seeding agent,

addition of wetting agents, addition of chemical reagents,
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exposure to NH3, freeze drving, the 2 -efficiency (z;) of the sources

has been determined by 1 = 7 - - -coincidence couniin Higchest

unnoing.

€ _ -values have been obta:nel with several precipitation reac-

tions.

) 241
The 2 -particle spectra ‘rom sources of Am prepared by

several methods from the same solution have been comparead.
The methods used were - vacuum evaporation, electrodeposition,
electrospraying. deposition ol drops onto thin ion-exchanuc

layers and several precipitation methods.

- Realisation of a complex multitoil target

P. Rietveld. J. Van Gestel

: . , 12
For the measurement ot the average polarization of B produced
' i - P2 [ . .
by polarized muons ina . + O+ i rcaction a joint wor-

king group from Louvain-la-NMNcuve anrd Saclay asked for a spe.ial
target commposed of two sets of 100 selfsupporting foils. Fach
foil consisted of three lavers @ 1500 ¢ crn.2 Aas 50 L cm'2 «
and 300 Lg (:m‘2 Al. The gold and carbor lavers were nproduced

by vacuum evapcration and fixed onto the commerci~! M -fails by

floating. The final two - =% of foils with Jate ool drcensions of

80 mm by 80 mr “ere encloso o in thin-walled Al baxe s,
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Table 5.1

Bulk Sample~ delivered in 1974

Materials Applicants Amounts Definition Preparation
(a) Methods (b) [Method (c)
Y Tb Fe 1 12 Q.A L. M.
Dy Fe Al 1)
6 _ !
Li 3) 6) 7) 1 S.A -1 A INC f
M.D.-D.C. | EX.-( |
r -
! i
Al - Pu 4) 5) | 2 Q. A -LA. | L.M.-R |
¢ - |
Pr. Pb, Re, U, !
Cu, V, Mo, Sn, 6) | 50 M.D.-D.C. | M. -R.-P.
Ta, Au, Al |
i
|
- N -
Cu - Cr 10) 20 Q. A b ;
Cu - Fe IR, -W. Do
i i
Ta 11) 4) , 20 M. D 1 .S ;
J |
T } |
U - Pu 6) 38) 1 100 Q.A -1 AL LML MO
Ag-Al-Cu-Au- l 1
n 0.2 % e i LML -
0. 7o each 3 > Q.A _’ ..M
“a-AL-Cu-Ag- - .
o ‘ WD
Pb 0.2 7, each \
Cu-Industrial i
Ph 40 5 600 ; f A
Mo. Zr. W
275 I T
18 6) 4) 4 MD -1T.A : .M -
CORC-M
;'f =
Th ‘t‘) 2 hY] , L ! n
— — S — :
Ni, Mo 4) 4 QA I, M -R ;
4 - . i
Na. NaK 14) 2 M.D.-D ("'J} M. -C J
, ‘ |
Cu - lpi)an(étl,Z 1Y2)7) i COM M l
m , .
cu. Ly 2| 15)t034) 400 Q.A R.~P\t b }
| ppm Pd |
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Table 5.2

Thin samples delivered in 1974

) ]
Lavyers Applicants Amount Definition |Preparation
(a) ; Methods(b) iMethodS(c)
} i
— T !
2jof 41) 42) 43) I 14 ¢ -counting] S.T.
7) 44) 45) l
39) 6) 46)
233 _
U 47) 35) 44) 20 M.D. .S, !
235 .
U 35}36)37) 6)9) 132 M.D AEERONEH &
;‘ 1’
2360, 48) 49) 43) 10 M. D . .S, |
i
238 37) 26) 116 M.D F.S.-5.
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(b) Definition Methods

A Quantitative alloying
D. : Mass definition
.Coo Dimentional control
A Spectrographic analysis
A Isotonic analyses

(c) Preparation Methods

L.M. - Levitation melting

I.M.C.: Induction melting in crucible
EX. : Extrusion

C Canning

R Rolling

M. : Machining

P. : Punching

W.D : Wire drawing

v.D. Vacuum depcsition
C.S. : Cathodic sputtering
E.S : Electrospraying
S5.T. : Self transfer

5. : Settling

5.3. Compilation enn Reference Materials

Reference materials of interest to nuclear energy

<r

Y. LLe Duigou

Information has heen obtained from different organizations to pro-
duce a 'ist worldwide availability of reference materials of interest
to nuclear energy. Chermical, isotopic and trace element reference
materials are includen hut emphasis has been given to the substan-

ces of primary interest like those containing uranium and plutonium.

The catalogue will be issued as a Euratom xcport.



W. van der Eijk

On the request of the BCR {Community Bureau of Referenczs) of
the Commission of the Fluropean Communities, a directory of
certified reference materials of radioactivity has been prepared
in collaboration with Dr. Gorski of the Seibersdorf Laboratory

of the International Atomic Energy Agency.

This directory comprises the products of 12 suppliers of certitied
reference materials (CRM) of radioactivity as given in their cata-
logues.

Included are only products for which certificates are delivered and
whose uncertainties arec given according the rules defined in ICRU
12 (1968) with a confidence limit of 99.7 % or 99 7. Only those
products are included where the stated uncertainties according to
the above rules are less than 10 %, In total, some 2 200 items

have been included.

This compilation will be published by the IAEA, A regular updating

is foreseen.

5.4, Procuremen: ,. _ . ..l isotopes

. Ruts, V., Verdingl

The coordination of isotope prccurements froem the U'SA was conti-
nued.
. 239 , .
Loan requests wa or Pu and Pd isotope:: and purcha ¢
. . 233 21 242
reoquests were submittew to the USAEC for U, Pi. o
293
and U,
. . 28 23
Recovery and final accounting were made for ° Mo and oo

lnan from the USAEC research pool.
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6. ACCELERATORS AND INSTRUMENTA 110N

6.1. Electron Linear Accelerator

Operatiorn. and Improvements of the Linear Acceicrator

J. M. Salom¢é, R. Cools, R. Forni, F. Massardier, }. Menu,
R. Pijpstra, P. Schweitzer (until 31.8.74), P. Simdone,

F. Van Reeth, C. Waller

In 1974 the linear accelerator (l.inac) was operated for
3750 hours. Details on klystron hours, useful beam time

and maintenance are listed in Table6 . 1, Tics. b 1 and b, 2

Table 6.1

IKlvstron hours
Flectron beanmy hours | 3802 AT AN

Hours for maintenance I 544 252

ind other interruptions |

The accelerator was entirely used as o e reitren source
[he lerator was entirely used as pul fretitren sout
with an average numhbes of 6 flichipaths comvnren oith o0

19773,

vy

The modulator was operated part of the time with two 074
thvratrons (1040 WY and with two ITT thvratrons (1760 W) inste

of the spark-pap switibrs.  Several technical advantages were
observed such as good overall stibility allowin: i.tter performan:.
of the electron beam, lower power consmumptior and increasced e
times of the high veltage components.  Nevertheless, some o -
ficnlties occurred which were probibly dus to the critical de:ion
i

ono il Lo aion an aoain
!

_ e,
[ S Y

ot the oll tank. Tesis with

v xt vear when the svstem has been improver.

The new pilot oscillator 2 x 1 kW was delivered v Pardistion
Dynamics. Driven by a1 very stable constant-w .ve generator
gated by a pin diode modulator it will improve the tuning

of the accelerating wave guides,
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Modernisaition of the T.ine.r Accelerator

J. M. Salom¢, R. Cools, R. FForni, IF. Massardicr, . Menu,

R. Pijpstra, P. Schweitzer {until 31.8,74), P. Simdone,

. Van Reeth, C. Waller

The order for the mo-dernisation of the LINAC was sent to
CCR-MeV 1n June, 197-|. It is expected that components will
be delivered from September, 1975 on and instilled and checked
before the end of 1975, Acceptance tests are planned for

February or March, 1976,

The main new parts are vogun (35 A, RO KV, 0 standino-w aove
buncher with modulator nd two 6 m lonz sections.  Tibles ..

and 6,3show the guaranteed ind theoretic lly possible chuirccteristivs

of the modernised 1ccelerator.

Table 6. 2 (iuyrainteed valucs

= | - s s "1' “—-*‘“———T-‘—*'—“ T
' Short pulses foong milses
| | () L
(S — 4 e ]
|
- 1 ns 10 ns 100 ns 1 s C0 ks
TodaA a9 A 1.5 A 022 02y
.S iooo Hz GO0 din L KBO He W0ty 280 1
i i ! !
i 5
1 5120 MeV L 10s ey 0 8T MoV b o106 MeR D e ey
P | 3.0 kW 8.5 kW L 11,5 kW | 8.3 kw1
I S S

(1) vor short palses, the ~nergy - zero current woili he 1o 20t

{2) tFor long pulsecs. o energv ot zero current wili be 80 10

Table 6. 3: Calculated valites

Short pulses l.ong puices

I
|
| - ins 10 ns 100 ns ? ] us
l ,r 12 A 12 A LR A L 0s a0
1 1900 Haz 6900 Hz | x50 fiz | am0 1 R
! 1130 MeV | 108 MeV | 90 MeV | 108 Moy | o108
! P J4,2kw N3kw | a2 kw : 10,2 kw ! L3 ki
.Cxlculqtion hypothesis: i Caloulstion Tovpott o
,
|

cos A (buncher) - 0. 72 P ens ¢ “bancher) f

|

!

|

!

t cos & (section! 0«5 P cos o fsectiond !
f




A prototype of the new gun is being tested. Preliminary results
show a5 peak current of 20 A (28 A cathode emission) at 50 kV
(t11V power supply avail:tle at present). Pulse lengths of 7 ns
(FWIIM) are presently achieved with this emission and it is hoped
to reduce this length in the future.

Developments of Targets and Target-Moderator Configurations

J. M. Salomé, J. Wartena, R. Cools, P. Simdone, F. Van Reeth

The parameters generally requested on the linac are ihout 5 A,
25 ns, 65 MeV (average energy), 600 Hz. This corresponds to
about 5 kW mean power. Under these conditions no problem -,
except damage in the surroundings such as flow ratemeter for
mercury, thermocouples and security switches were noticed

for the mercury cooled uranium target of 26 mm diameter.

A 30 mm diameter target with enriched uranium is now partly
constructed and will be available beginning next yvear. A device
to chieck possible contamination between the two front windows

wil' be set up.

Due tc very long delive v time of the main ¢ - 3i a speordd
PACIFIC type rotary [oint for tl -~ rotating mercury cooie|
uranium farget  the tests with mer..ryv under pressure were

postpo b o 1975,

Polyethylene .- v+ ~sed for moderating t ¢ reutrons
cmitted from the linic target "wut it suffers Jrono hiph radiatior
damage. Therefore the possibility of repl:cing this polyeth o
by water has been studied.

Due to the lower proton density, (6.67 - 1 0" BrOION G i r
water, 8.14 - 1022 protons/cm% for polyethylen: i e or

in moderated flux of 6% is expected for the w ter moderytor

Because of the presence of oxvgen instead of carbon a oo ning
of the spectrum can be predicted. Both effects are expe: rent ilv
confirmed.

A water moderator, contained in a m~tallic can scems to he

usaible. No overheating, crosion or radioivsis has been observed



For the can material bervllium is sugzozr-o hecause it is

expected to give the lowest contributior :: ti.» :-flash and the
lowest distortion of the :pectrum, since it !'.rst resonance is
at .62 MeV. A moderator of this type *: uier Construction.

Background Study of =2 ( F Detector for verage Capture

Cross Sectlon Moasurom(nts with the iipac

G. Rohr, T. van der Veen aud G. Vanprus:

The neutron sensitivity of the C6Fr’) detest = Hias been measured
as a function of energy by scattering fro« i k s.mples of C
and Pb. Structure above an encragyv of 10 2.7 Y ug heen observ
the strongest peaks in th- energy range o0 5 - 790 kU Leing
assigned to resoaances in fluorine at 27 i " g 50 ke

The observed peak at 36 keV, due t¢ e ] .nmirium canning and
housing of the detector, was roughl- a1 tact-- 5f four smaller
than the vield at 27 keV in F. The time wonercdsnt bhackground
in an average cross-section measuremen' 1o oonerslly difficdt
to handle. However, in this case it heocon oL e more diffieul

because the position of the backgro.nd nc v o -adinced in the e

tector hy th2 samnle =c.ttered ~otoome T W e e
weight of the nmi.~t::= @ ider study To v & va o ff 1t e
- L4
intenderd to replace tho C,fﬁ‘ Jatsctor witgt - ¢ Y, Hagn ot o sein-
) [

tillator with a very thin walled - .miriuwr corctaines and thos o«

unde - construction.

Development of a “pai}l Chamber for ¢ orior Trore-section
it

----------------- . YR

A. Brusepan, M, Merla, E. Mianeco, ‘1. Worogmoenn

Some time ago an afttempt was made o e 2 oce the fiee PO
241 . . : . s

of Am using a 2 g sample 10 a 500 N R ber fitled sk

nitrogen gas, but the counter perfora-.rc “ov icrate s with time

e fr the foot that o chemical compeird o ol ocopgan cae depasite

on the Al electrodes. Inorder in =»void this disurbing v micd
reaction a new pas mixture with a much e o nitrogen . ontent

‘. under investigation and the Al-electrod: < e been oplaced

University of Catania



by =thinless steel clectrodes. Facilities for tests, such as a stainless-
steel contalner and a sample changer have heen constructed

5

A vas mixture of 95% helium and 5% nitrogen seems to be promising
in view of the very high discrimination « -particles dission fragments
. . AR S .
recquired for the Am fission cross-section measurements, lHowoever,
it is intended to make A more svstematic study to find an optimum gas

mixture.

6.2, Van de Graaff Accelerator

Operation of the 3,7 MV Van de Granft Accelerator

A, Crametz, P, Falque, T ! coanard, R Smets

Due to the instattation of the uperaded accelerator tuhee ot the end of
1072, the Van de Graaff accelorator can now be used up to 4 75 MW

mstead ot the previcus Tin 1foof 201 MV,

Out of 2812 working hours m 1973, 1810 hours were used tor neatron
phvsics experiments (Iincluding "n3s hours for outside Tabaratories) and
272 honrs were neeled to condition the machine,

Several breakdowns occurred swhich required H00 Lours of maintenance
noainty due to vacuun Teak = high voltaoe leaks theoash the mnsalatedd
arcce around the corona cnd hich frequency teaks 1o the nost aceeler -
tion deflection box.

Pecause of tritium decontamination and of construciion swork ot the

present Van de Graaff !”1.11(““.5: the accelerator has not Heen cneratedd

tor experitments for 121 hours in the last six weeks or 10971,

I'hree fon sources built at CBNM were used during this venr withy o
average life time of H00 hours,

i 1974 the 1on energv scale of the accelerator has been oo tibr oo

twice, once in February and once 1in August, For the firot time e

) 7. . . ‘ . :

throchold of the T,l(p, n) reaction induced by H) Povtie o e el Ll
2

tho obtained calibration constant avreed within 0,17 b fh e

valie determined by other reactions at energies lower thoyn o0 el



To prevent the sprewd of tri ‘'um contamination (see section 10,1,
special device for transportation of targets to and from the

1

hevm extensions wais m e,

The main outside user of the accelerator with a total use of
141 hours wnas the TR( -Petten in connection with a1 progrimme
to study irradiation effects in structural materials. The muin
equipment was muade in Petten, but vacuum tests and laser
ilignment were nerformed at Geel. In total, 238 vinaidium
samples had to be c¢+v:-fully adjusted for the irradiarion wwith

2.8 MeVl oy -particles

n Januarry, 1974, 210 bhe o honrs were used by the R odiohiobonre
Institute TNO, Riisu:ik. ty compare neutron doses me osured wit’
¢ tissue eqgnivilent “coisciion chamber with the neatron TR A
catentated from the nositron fluences and measured by (BN
instraments.

Modernis ation of the Vo de Graaff Accelerator

A, Crametyz, P ylagro. 70 Teonard, R, Smets

During t7 ¢ first six months of 1974 the technical  ond oo

ispects of the moserpisation of the Van de Graaff wccelertor

)

were stiudied nd the order for the purchase of o Flvsrron v fed

Van de Geaaff accelerator model CN with an upgroded tube o o= nloco

to TIVEG in June, 1971,

(e oborycteristics of the ON (7T MV) machine arc siven o 000 b

Table 6,4,

i
i
|
i
I
|
E
|
i
{
|
|
1
!

N. . Proton Peim Performance:

nergy FProton Curren
1.0 MeV 20 A
5.0 MeV 2a000A
7.0 NMeV 200 A

Piulsed Proton Peum Performance:

e g e s e o

Inergy Average Qurrent  Pulse Wideh oot
{ 1.0 MeV L0WA 2.5 ne
| 2.0 MeV 1SUA 1 8 nw
| 7.0 MeV h. 0 GA 1.5 ns
! 7.0 MeV hHo0uA ].25ns
{




The arrival of the equipment 1s planned for December, 1975

acceptance tests will be made 2ix to seven months later

The beam lines connections ‘rom the exit of the mnarysing moaune:

up to the two targets locat-: on 27 nd 457 exit ports of the swi

magnet were studied during the nen operating h.ars of the woee

Development of a Convenient and Reliable Neutron-(;

A . Paulsen, F.Arnotte
A different rise time is obscrved for recoil proton-ind o
electron-induced pulses in proportional counters due i
rent average track lengths aud their radial projectivns,

Two different niethods haxve been tried: the 'pise ti0 .0 et

the 'dividing' method (A, ORL et 4l., Nucl.Tnstr. o5

The rise time method hns been toested at =0, 100 and 200 ~nn
has been shown that the counting loss of the proton recoeid
spectrum gating is negligible The dividing meihod 15 500w
under study. Unfortuoately 1t is doubtful if thess rechr a5
the range of applicability of proton recsil counting

energies in Van de Graaft applications

s
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Fast fission yields and {-values of some nuclides

(G. Cottone, A. Cricchio, L. Koch, W, Krause™)

Fission yields of Sb-125, Nd, Cs and Xe-isotopes were obtained
for Np-237, U-235, Pu-239, Pu-240, Pu-241 from capsules irradiates
in the Rapsodie reactor (1), Isotcepe dilution mass spocctrometry
together with ér-cpectrﬁw?rry wore nazd Far the avaloation of
fission yields the usual normalisation procedure was dapplied (2)
(table 1). ®€ -values, which may characterize the neutron energy

spectrum (3), were determined (table 2).

The relative fission yields of Nd -isotopes agree with earlier

results (4; ftable 3. The atsolute vields, alth v b thov ore
sysvematically lower b tioome vepowrred by (L0 oo il widhin

experimental erro-. Aa i : 1, Lh€ w1lven 2
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| Nuclide Npo2y? [F Pu
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TABLE IT

A =vaolusg of geveral fissile nuclides
nuclide K-~value
Np~237 l.os + 0.5
U-235 0.213 + o.007
Pu-239 0.134 + 0.003
Pu~240 0.300 + o.c07
Pu~-241 c.111 + o0.003
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